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Introduction
The U.S. Geological Survey began multidisciplinary studies of the U.S. Virgin Islands in 1983. These studies are being conducted to assist the Territorial Government of the Virgin Islands by providing necessary information for future planning and resource appraisal. The initial phase of this geochemical study was designed to examine the regional geochemical characteristics of the islands and to identify possible minerals potential (Tucker and others, 1985; and Alminas and Tucker, 1987) .
Geochemical sampling was conducted on the three main islands of St. Croix, St. John, and St. Thomas, and numerous smaller islands in the region from 1983 to 1988. Over 1,500 samples of rocks, soils, and stream sediments were collected and analyzed for 31 elements by emission spectrography and for gold and tellurium by atomic absorption spectroscopy (Hopkins and others, 1986; McHugh and others, 1989) .
This open-file reports the analytical results of the water-extractable ions Na, Cl, K, Mg, Ca, Ag, Cu, Zn, F, and SO^ from B-horizon soils on St. Thomas The climate in the Virgin Islands is maritime tropical. The average annual rainfall at higher elevations is 50-60 inches per year and at lower elevations is 20-30 inches per year. There is no well-defined wet or dry season. The temperature is generally constant between 80 and 85°F.
The vegetation is generally not native to the islands and consists of thorny brush and Hurricane grass in the formerly cleared areas. The uncleared portions of the more mountainous areas are covered by dense tropical forest with a few large trees and a dense undergrowth of brushes and vines. There are only a few free-flowing streams and these are frequently intermittent.
General Geology
The natural history and geology of the Virgin Islands have been studied by many naturalists and scientists over the years (Shomburgk, 1837; Cleve, 1881; Meyerhoff, 1926; Donnelly, 1959 Donnelly, , 1966 Helsley, 1960; Whetten, 1966; Alminas and Tucker, 1987; Tucker, 1987) . Most of these studies have focused on the stratigraphic sequences and rock types. The oldest exposed rocks on St. Croix are Upper Cretaceous in age. The rocks, composed of volcanic sandstones, mudstones, limestone beds, and siliceous siltstones, are collectively called the Mt. Eagle Group (Cederstrom, 1941 (Cederstrom, , 1950 Whetten, 1966) . The oldest rocks are found in the Allandale (2,000 ft in thickness) and Caledonia (approximately 18,000 ft in thickness) Formations which are interspersed vertically and laterally across the island. Overlying these Formations is the Cane Valley Formation. These rocks are a sequence of mudstones and tuffaceous sandstones up to 1,700 ft in thickness.
Overlying the Cane Valley Formation is the Judith Fancy Formation. This series of rock is approximately 15,000 ft of interlayered tuffaceous sandstones, thin limestone beds, mudstones, and volcanic pebble conglomerate. The rocks of the Judith Fancy Formation typically show a marked difference across the island.
The island is bisected by a wide, centrally located graben. The graben infilling is some 7,000 ft of mudstone. The Jealousy Formation includes the upper 1,400 ft of exposed montmorillonitic mudstone. These sediments are believed to be upper Oligocene in age (Whetten, 1966) .
Overlying the Jealousy Formation is the Kingshill Marl. This unit is approximately 600 ft of fossil coral reefs exposed on the coastal plain.
Igneous rocks include the Fountain gabbro, located in the northwestern highlands and the Southgate diorite located in the eastern portion of the island (Whetten, 1966) . Numerous dikes, ranging in composition from very mafic to rhyolitic, are found throughout the island but are dominant near the east end. Rhyolitic plugs and intrusive bodies were observed in several localities throughout the island during this geochemical study. A generalized geologic map of St. Croix is given on figure 2.
St. Croix has undergone rather extensive alteration and mineralization. The mineralization consists of base and precious metals, primarily associated with the graben walls, possible intrusives in the northwestern highlands, and areas of folding on the eastern portion of the island (Alminas and Tucker, 1987; McHugh and others, 1989) . Sand-sized grains of naturally occurring native tin and lead are found throughout the northwestern highlands and within the graben. Gold concentrations above 20 ppb occur in several areas near the graben walls, in the northwestern highlands, and in quartz veins cutting the Southgate diorite (Alminas and Tucker, 1987; McHugh and others, 1989) .
St. Thomas and St. John are composed predominantly of volcanic rocks. The southern portions of both islands are composed of felsic flows, mafic dikes and thin beds of radiolarites. Collectively, these three units make up the Water Island Formation (Donnelly, 1966) . Uncomformably overlying the Water Island Formation is the Louisenhoj Formation. The Louisenhoj Formation is a thick sequence of andesitic ejecta and coarse tuff beds.
The Outer Brass Limestone overlies the Louisenhoj Formation. This unit is predominantly siliceous limestone with about 10 percent interbedded crystal tuffs.
The Outer Brass Limestone is overlain by the Tutu Formation. The Tutu Formation is composed of fine-to coarse-grained volcanic wackes made up of weathered Louisenhoj rocks. Thin limestone beds are interlayered with the wackes. The Tutu Formation on Grass Cay, Mingo Cay, Lovango Cay, and Mary Point is a garnetiferous skarn. Numerous iron veins cut the skarn.
The Coki Point megabreccia lithofacies of the Tutu Formation are composed of large fossil iferous limestone blocks. The fossil evidence suggests an Albian age (113-93.5 MA). The Congo Cay Limestone Member is coarsely crystalline limestone that is exposed only on Congo Cay in the U.S. Virgin Islands. The Hans Lollik Formation crops out on the two Hans Lollik Islands. This unit is very similar mineralogically and texturally to the Louisenhoj Formation. It should be noted that the geology of the British Virgin Islands as described by Helsley (1960) is not a simple continuum of the layered sequence in the U.S. Virgin Islands set forward by Donnelly (1966) . A generalized geologic map for St. Thomas and St. John is given on figure 3.
In conjunction with the geochemical study, five rocks from the Water Island Formation and two rocks from the Louisenhoj Formation were dated by K-Ar whole rock technique. The felsic rocks range in age from 30.9 to 65.8 MA. The andesitic rocks were dated at 38.6 and 42.1 MA ( fig. 3) (Tucker, 1987) . These dates indicate the Water Island and Louisenhoj Formations are much younger than previously believed. Accretionary processes are undoubtedly responsible for the addition of the older sedimentary rocks onto an existing felsic platform. Felsic activity has continued over an extended period.
Interpretations of the data from stream-sediment concentrates, rocks, and soils indicate extensive mineralization occurs throughout the study area (Tucker and others, 1985; Alminas and Tucker, 1987; Tucker, 1987) . The mineralization consists of precious and base metals associated with sulfiderich igneous bodies and zones of hydrothermal alteration. Throughout the study area, the mineralization transects the major rock units.
Sample Collection
Geochemical sampling was conducted from 1983 to 1988 on the three main islands of St. Croix, St. John, and St. Thomas, and numerous smaller islands in the region. Over 1,500 rock, soil, and stream-sediment samples were collected and analyzed for 31 elements by 6-step D.C.-arc emission spectrography (Hopkins and others, 1986; and McHugh and others, 1989) . Gold analysis by atomic absorption spectroscopy is presented in McHugh and others (1989) . Analytical results for B^ cereus population densities from A-horizon soils and ten water extractable ions from A-and B-horizon soils on St. John are presented in Tucker and others (1989) . Sample collection was conducted by H.V. Alminas and R.E. Tucker. B-horizon soil samples were collected throughout the study area in conjunction with stream-sediment and rock-chip sampling. The B horizon or a zone of rather distinct reddening generally occurred at a depth of between 12 to 18 inches. In cases where no distinct B-horizon soil was present, such as in the graben infilling on St. Croix a sample was collected at a depth of approximately 18 inches. The leaf litter was cleared from an area approximately 12 inches in diameter. The top 4 inches of soil was loosened, hand mixed, placed in a cloth bag, and allowed to air dry. Approximately 1.5 pounds of soil were collected at all sample localities. The sample locality maps for St. Croix and St. Thomas are given on figures 4 and 5, respectively.
Analytical Procedures
A water-leach extraction of the soil samples was conducted to examine the ionic concentrations of some metals and anions that could be readily available within the secondary environment. The technique involved placing 1 g of soil in a test tube with 10 ml of deionized water. The soil was thoroughly mixed and the tube was placed on its side. The samples were hand mixed every other day. Time phased dissolution experiments indicated equilibrium was reached in 5 to 7 days (Tucker, 1987) . At the end of 7 days, the samples were centrifuged and the supernatant liquid was placed in a clean test tube. The concentration of dissolved ionic constituents was determined by atomic absorption and ion chromatography (table 1) . The concentration of Mg, Na, Ca, K, Cl, S04 , F, Zn, Cu, and Ag was determined in each sample.
Results
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. DATA RESULTS FOR UATER-EXTRACTABLE IONS FROM B-HORIZON SOILS, ST. CROIX, U.S. VIRGIN ISLANDS--
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